Hong Kong’s temperature record:
Is It In support of global warming?
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Some questions to be answered
22 0] &5 B 2% {E [ 28

When was Hong Kong’s present day temperature last exceeded?

77 R Ol R AL 2
Can natural variability and human impact be identified from the record?
AP A BN RILEZERERES AN A E?

What is important in causing the changes?

SR ERRE LM EENRRLTE?

Are there more important drivers other than carbon dioxide?
EEFEL —SItHREEZEMRERRA?

What are the implications for achieving greater environmental
sustainability?

EFARRIFE OB AT EER?




Components of the Earth’s system

M BK R it A HE AR 53

- Atmosphere (air) K& (ZR)
- Hydrosphere (groundwater, lakes, rivers & oceans)
JKSCE (oK, A8, ARFEE)
Cryosphere (ice) 7kEE (7k)
Biosphere (living things including humans)
£ME (£Y), 2B ANLE)
Pedosphere (soil) T1EE GEL)
Lithosphere (solid Earth) B5AE (EfSihEk)

Climate change is a product of astronomical forcing including
solar variability and interactions with the above components
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Advantages in studying the present day
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Some temperature statistics in Hong Kong
(source: Hong Kong Observatory)

— L& pEL BE B
(KRR FERXS)

Annual mean temperature 1 0.12°C per decade; 1.44°C
£ IR (1885-2009)
Mean diurnal range } 0.24°C per decade (1947-2009)
EHEREE
Mean sea level (Victoria Harbour) 726 mm per decade
1436 T 1E (4 % FIEE ) (1954-2009)

Note — Based on HKO Headquarters Station except where stated.
R - IR > U SRALRBE AR AR MRS -




Temperature record studied

Fl ‘E%@FIJ’PIJ@P
1853-1880 Royal Engineers, Harbour
Office, etc.
(NOAA Peterson & Vose 1997)
1884-1939 Hong Kong Station*
1947-2010 Hong Kong Station*

*Hong Kong Observatory Headquarters Station
near Nathan Road.
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Volcano

Model
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Main |mpacts of ‘major’ volcanic eruptions
BER KSR T ESZE

(1) Initial rise in temperature of the stratosphere
followed by cooling of the troposphere.

ERBNEELE LA, 2RRESA.

N1

(2) Eruption clouds obstruct the incoming solar
radiation causing the Earth’s surface
temperature to decrease.

hE 3% B LU IR BREEE K P5%8 A, BB BRR EIE E T

(3) Thethermal plumes will interfere with the
Earth’s ‘normal’ air circulation.

AEETEHMBKIERE" R,




Main |mpacts of ‘major’ volcanic eruptions
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RERNUEREHNEEZEZE

(4)  Transfer of water vapour from the troposphere
Into the stratosphere.
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(5) Particulates and aerosols in the atmosphere
form condensation nucleil.

MAMRTBERR
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(6) The sulphur oxides released lead to acid
precipitation which damage vegetation.
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Volcanic
Explosivity
Index
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Scale for measuring volcanic eruptions
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Examples

Mono-lnyo Craters
past 5,000 years

Mount St Helens
Mafl 18.31980
(~1km)

Pinatubo, 1991
(~10 km)J

Tambora, 1815
(> 100 km)3

Yellow stone Caldera
600,000 years ago
(~1,000 km?
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List of 13 ‘major’ volcanic eruptions since 1883 showing their location,
main eruption date, volume of tephra and ranking.
(Source: Global Volcanism Program)
B1883FLIZK 13k ‘TE&E KILEEFE
efrbiE, ETEEZEIBE, MUIKEB=FEEA,

Volcano Latitude & longitude Main eruption date  VEI Volume of tephra Rank.

Krakatau, Indonesia 6°6’6”S 10502522 E August 17, 1883 6 2.0+0.2x10¥m3 =2

Okataina, New Zealand 38°7°0”S 176°30°0”E June 10, 1886 5 20x109m?3 10
Santa Maria, Guatemala 14°45'21”N 91°31"6”"W  October 24, 1902 6? 2.0x101%m3 =2
Ksudach, Russia 51°48°0”N 157°9'24"W  March 28, 1907 5 24x10°m3 8
Novarupta, USA 58°16°0”N 155°9'24"W  June 6, 1912 6 2.8x1019m?3 1
Cerro Azul, Chile 35°19°12”S 70°45’°39"W  April 10, 1932 >5 9.5x10°m3 5
Kharimkotan, Russia 40°7°0°N 154°30'30°E ~ January 8, 1933 5 1.0x10°m3 13
Bexymianny, Russia 55058°22”N 160°35’12"E  March 30, 1956 5 28x10°m?3 7
Agung, Indonesia 8020°30”S 115°30°'30"E  March 17, 1963 5 >1.0x10°m3 12
St. Helens, USA 46°12°0°N 122°11°0"W  May 18, 1980 5 1.2x10°m?3 11
El Chichdn, Mexico 17°21°36”N 93°13’40"W  April 4, 1982 5 23x10°m?3 9
Pinatubo, Philippines 15°8'0”N 120°21°0"E June 15, 1991 6 1.1+0.5x10%m3 4




Location of Agung, El Chichdn and Pinatubo

Physical Map of the World, June 2003
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Solar radiation record during the 3 volcanic eruptions

3R K IR FE s BN %8 51 FC e

MAUNA LOA BROADBAND SOLAR TRANSMISSION RATIO

0.95 1T T YT " T T T 7T "1 T T T T T T Tr 111 -1rr 0%
: Agung 1963 VEI 5 -
08 [ — 0.9
Z : Comparison -
e ;
m -
tn .
E 085 [ — 0.85
N o
- C
< . C
Iu_: Pinatubo .
08 o 1991 VEI 6 [ 08
: v El Chichén -
E YEARS AFTER ERUPTION 1982 VE| 5 E
075 T T T T T T T T T T T T T T T T T 075
58 60 62 B4 66 BB TO 72 T4 T6 78 BDO B2 B4 8BS BE 90 92 94 o6
VEI - Volcanic explosivity index YEAR CURRENT THRU 28 FEB 1984



" 160,000

{140,000

- 1530 GMS

L B34 avHRR T ]120.000

_1 100,000

L
=
R

180,000

Altitude (km)
ta
=]

160,000
140,000

{20,000

e O

=40 =20

Temperature (°C)

Spread of the eruption cloud Temperature gradient above ground

=i T B

d ) D
=l e | 4 - "
=
2dL
A
. 552
i . 1! .
e g
i
-~ y. A
[ é4
I S BN
0| VA T
1
¥

Double layer of Pinatubo ash over South America
on August 8, 1991 (Space shuttle photo)
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Hong Kong’s population in 1841 and the number of years taken for
the population to increase to and by 1 million
(Source: Census and Statistics Department)

1841 FEANA R TIBR100E AT ERE

Year Population No. of years
G3 AB PTHRBIEE

1841 7500 -

1937 1 million (B &) > 97

1950 2 million 14

1959 3 million 10

1971 4 million 13

1979 5 million 9

1994 6 million 16




Drilling into the seafloor has led to the discovery of higher temperatures than the present

BRRFERE #ANBELXRENRERS
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~0.5 million year record of climate & sea-level change
In Hong Kong

T4 4th |ast glacial 350 - 370

M — marine; T — terrestrial

S0EFLIZREEM R IxECHR G EEmE L

Estimated Marine Dating Maximum

Unit Age age isotope method thickness
(ka) age used (m)
EXivi FHK LEtEln BFERUREm BERE = ANEE
M1  Postglacial <8.2 1 Tee 21.5
T1 Last glacial 8.2-70 2-4 OSL 6.5
M2 Last interglacial 90 — 140 5 U-series 15.7
T2 2nd |ast glacial 150 - 180 6 - 9.5
M3 2" |ast interglacial 190 — 240 7 - 12
T3 3'd last glacial 250 — 300 8 T-L 7.3
M4 3" |ast interglacial 310 — 340 9 U-series 14.1
1

6



Agreement with temperature record shown
by deuterium in Antarcticaice cores

TR kS, TR AR

f core: 3 km
) ti 720,000 years

Height: 3.5 km
[ h of core: 3.6 km .
08
ime: 420,000 years £
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Antarctic ice core records: Vostok and EPICA CO,, CH, and oD
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Mangrove pollen Sonneratia sp.
Present day northern limit Hainan Island
KA #RTEAD Sonneratia sp. IS HIRAEFZILHM A ERBFE S

Present in the M2 unit of the New Hong Kong Airport site. This indicated the last time
present day temperature in Hong Kong was exceeded was about 130,000 years ago
during the last interglacial period. The mean annual temperature of ~26°C at the time

was 2-3°C higher than in the present day.




Hong Kong’s temperature record
at the Hong Kong Station
(Source: Hong Kong Observatory)

ERLMEBRERLH (EHRRFTERNET)
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Location map of the Hong Kong Station and the Waglan Island Station
of the Hong Kong Observatory
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Comparison between the two stations

R 8 it 2 el B LR R
Hong Kong Station Waglan Station
F &L faiBh

Record available 1884-1939; 1947-2010 1968-2010
R] FAECER
Location Urban (~4 million) Rural (few inhabitants)
AT & ZBE
Ground elevation 32m 57 m
%7
Urban heat Island (UHI) Known to be strongly Absent

affected (Koo 1988)
WhEE EMABRNEE 2]
Temperature record Temperature record Least positive linear

shows most positive




Comparsion between the temperature record
of the Hong Kong Station and the Macau Station
(Source: Koo 1988)

o uh MR TS, VB L2 Rl B EL B

1= 1 m-nufiv-m 11- 1 [ -1fiv-mm]
Tmax | 0.2 |0.75}-0.02 Tmax | 1.09 [-0.11}-0.96
Te Pa—
(c"."; Tmean| 0.22 039 0.17 Temp Tmeani-0.08 | 0.15 |-0.28
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Source of heat
for UHI at the Hong Kong Station

EEBULRIERIR

The obvious source is NOT CO, which is one of the
greenhouse gas but ..

EAZIIRIREF 2= —Lﬂ:{'ﬂ‘(iﬁ E=RES)...

Heat generated through human activities including
power generation, transportation (including by air, land
and sea), land use changes, constructional activities, air
conditioning, water pumping, cooking, usage of home
applicances, fireworks, etc.

M2 BB AT £NRE, QESE, B, TiF R
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Top 11" hottest years in terms of mean annual temperature
recorded at the Hong Kong Station since record began in 1884

B 1884ERH1R, F B IhEIEM1LIE W ESRH

Year Mean temperature (°C) Rank
F5 I RIE HE&
1998 24.0 15t
2002 23.9 u
1999 23.8 =zye
1966 23.8 =pe
2007 23.7 Si
2003 23.6 =(GIr
2001 23.6 =Gl
1994 23.6 =ail

2009 PACRS) =gth




10 years showing the greatest temperature difference between the Hong
Kong Station and the Waglan Station during the period 1968-2010
& Buf B REG 10 R KR EH8 7

Year Difference (°C) Explanation

£6 = #iH

1997 1.6 Pre-handover infrastructure development BRI RS M IE 5%
1994 1.5 “ “

1995 1.5 “ “

1998 1.3

1996 1.3 “ “

2005 1.1

1999 1.0

2000 0.9

1991 0.9 Early stage of pre-handover infrastructure development

1970 0.8 [B] B AT 2 22 A0 AT HARS B




Top 12t coldest years at the Hong Kong Station
since record began in 1884

B 1884F Fin, £ & A6 115 3R ax/m BT 15 5RIE Fo i

Year Mean Rank Explanation
temperature °C

Fip  FHRE % A

1884 21.3 15t 1883 Krakatau eruption cooling

1886 21.4 =2nd 1883 Krakatau eruption cooling and
1886 Okataina eruption cooling

1893 21.4 =pmel ‘ ‘ ‘

1885 21.6 Al . ‘ ‘ ‘

1887 21.7 =5 . ‘ ‘ ‘

1892 21.7 =5th -

1917 21.7 =5th -

1918 21.8 2l -

1903 21.9 =9th 1902 Santa Maria eruption cooling




Selected major volcanic eruptions and cooling
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21.5 1912 Novarupta
‘ 1886 Okataina
1$83 Krakatau
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Estimate of temperature increase after correction for
UHI based on 1968-2010 temperature values
RSB 1R, (GETIBINENEE

1968F ZFE 20104, i1

Mean temperatureJE 535 BE
Temperature difference JfiZ&
Maximum temperaturefmiE B
Minimum temperaturefx{EiE B
Temperature rangejfi B84t
Suggested correctionf&IE &
Actual warming & &g

HKO Headquarters* Waglan
23.14°C 22.50°C
+0.64°C -0.64°C
24°C (1998) 23.2°C (2002)
22.5°C (1976) 21.3°C (1995)
1.5°C 1.9°C

- 0.5°C (for UHI)
0.14°C (< 25% increase)

* Mean annual temperature 1884-1939 and 1947-2010 is 22.62°C.

V— [=] 0

A\ V4




Environmental sustainability implications
RIEAFHERRINEE
Good news IFEE —

Rate of warming is much slower than what is claimed (IPCC/HKO)
SIEMEELEENERES

CO, is not as bad as claimed Z &b T 2 AP EEFEEE
In terms of fossil fuels coal has the greatest reserves by far

AEERHE T E EREARANERE

Bad news EHE -
Ice is melting because heat is generated through human activities

ANFBEEFT R AR =5 BUkEE

Natural variability (including volcanic eruptions) is a problem

BRI (B NILESR) = —ERE

Abnormally dry and wet years are bad for food production

REEZENZANERTFFARRE




Environmental sustainability implications
R HFERENZE
Bad news H R -

Underestimated the role of water vapour as a greenhouse gas (saturated
greenhouse gas hypothesis of Ferenc Miskolczi)

Bk ERELA—BHERENER

‘Water pollution’ through human impact on the natural water cycle is a major
problem

“KILET, ABHBRKBRINEE, E—EXHE

Electricity will become more expensive because HK is phasing out coal for
power generation

TARRBEMSE, RASBE HAMERE

UHI is a contributor to the local air pollution problem

oh 2 S ¥ A 22 RS R R — ERE

Low carbon will not solve the problem of climate change
o~ o 7 45k =




Top 10 carbon footprint nations in 2001
Hertwich & Peters (2009)
F£20014F, fix BERN = BT 104 RIE =

Country Footprint Population  Domestic share

tCO.,elp million %
LuxembourgE % & 33.8 0.4 56
Hong Kong& & 29.0 (6%) 7.0 17
USAZE[EH] 28.6 277.5 82
Singaporegrnig 24.1 3.3 36
AustraliaiB ;m 20.6 19.4 82
CanadafilExX 19.6 31.2 75
Switzerlandig =t 18.4 7.2 36
Finland 35 18.0 5.2 69
Netherlandsfr 16.7 16.0 53

lreland Z B 16.0 3.8 56

*




Can we learn from Singapore?

2010 HSBC Economy and Climate Change survey of 15 countries
based on at least 1000 consumers/country
(www.channelnewsasia.com)

A mT LS EEFT N5 0s 2
- 12% climate change is top concern (4" lowest after France, UK
and USA)
EIRR L EREITRMEE12% (FMRIE, HEAE, EEMEH
Z 1)

- 28% stability of global economy is the top concern
RREMNEKEEERFEENMEL28%

- 22% terrorism is the top concern
i E R S xBIERIRREE22%

- 67% more spending on healthcare compared to global average
of 56%

"B BERTh67%, £3KFIYSE 56%

"BEEIRINE B LIRS E (h53%, £BkF154 389




Some observed temperature and rainfall
changes in Hong Kong
(source: Hong Kong Observatory)
TEEE, —EERNEMNERES LTSS
Annual mean temperature 7 0.12°C per decade; 1.44°C (1885-2009)

F PR E Overestimated due to UHI BBFRUHI B S &
Mean diurnal range } 0.24°C per decade (1947-2009)

EHRE Shows UHI is important 88’k UHI @ &R/
Mean sea level (Victoria Harbour) 1726 mm per decade
Fi5iE T m (S F R E) (1954-2009)
Implications uncertain T~ E a2 E
Annual rainfall 7 51 mm per decade (1947-2009)
FR=
Heavy rain days (> 30 mm per hour) 1 0.4 days per decade
ZMEE (2 /MEF>302K) (1947-2009)

Combined effects of natural & human causes
HEEEAMAERRNEE




(1)

(2)

©)

emperature Conclusionsif E &

The Hong Kong Station is unsuitable for indicating long-
term temperature trends unless it is adequately corrected
for UHI.

ERENENETES AEETEERAZENED, [RECHEHE
HhER B B S UE,

Heat produced by human activity should be blamed as the
cause of warming rather than CO.,.

NEFHF S ENRBMFR - EILH, SIRAEEE

Volcanic eruptions, a natural cause of temperature
variability, have been shown to cause cooling.

e LIRS - 15 A (0 AR, B AR B AT ER E RIS,




Temperature Conclusions;’?dﬁ%’zé%%

(4) At least 75% of the temperature rise seen in the record of
the Hong Kong Station since 1884 may be attributed to UHI
while no more than 25 % may be attributed to global
warming.

B1884F LIZK, EE B UG HEDR75%BNEE LFAIAEZ
MR EASMIE, T8 25% ] LUERE R SR EEE,

(5) Engineering construction through ‘large’ scale
Infrastructure development was the probable cause for the
sharp temperature increase at the Hong Kong Station

during the 1990s.

201H#C O0F R, AE B KRR EEZ R EATREEENHERE
EFRIREA,




(1)

(2)

©)

General Conclusions 5 F"ﬁhlff'”

Variability in the hydrological cycle through natural means
(volcanic eruptions) and human impact (water pollution) is a
much underestimated cause of climate change.

v s BT, FUIRA S BRSPS H/é%a%ﬁr‘w‘\ﬁ[g, lﬁfﬂﬂ | Rl S fEeigh
Ry

Reducing CO, level only is an ineffective means of slowing
down global warming.

R Y ERC T EE AN e

Overpopulation is a problem.

3 SR TR -




General Conclusions %[ﬁi’i‘.ﬁa

(4) The rapid development of infrastructures immediately
before the handover of Hong Kong was an important
contributor to warming during the 1990s.

7005 (V7 W IR, SR B BB S (R A

(5) Water vapour in the atmosphere is probably rising in tune
with temperature changes.

Sl P g g (U R R R AR [T

(6) Climatic models should be treated with caution because
they cannot predict decadal variability.

TR AT R RARE] - PG PR TEEE (RpR [ -




Closing quote ##ZF

The planet’s fine ... ;‘Bﬁ%‘l_ff *

Overpopulation
is threatening

human survival
“ T S TR
o8 ~[{NEN=

We’re the
ones we have
to worry
about

(T. Nield)

=2 ﬂE‘ﬂEI}% i l;'lfj
RS A 1 !

Thank you




